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OBLIQUE-INCIDENCE, ARBITRARY-PROFILE WAVE INJECTION
FOR ELECTROMAGNETIC SIMULATIONS
F. PE´REZ∗ AND M. GRECH∗
Abstract. In an electromagnetic code, a wave can be injected in the simulation domain by
prescribing an oscillating field profile at the domain boundary. The process is straightforward when
the field profile has a known analytical expression (typically, paraxial Gaussian beams). However,
if the field profile is known at some other plane, but not at the boundary (typically, non-paraxial
beams), some pre-processing is needed to calculate the field profile after propagation back to the
boundary. We present a parallel numerical technique for this propagation between an arbitrary
tilted plane and a given boundary of the simulation domain, implemented in the Maxwell-Vlasov
particle-in-cell code Smilei.
1. Introduction. Electromagnetic (EM) codes are popular tools in various fields
of physics, from nonlinear photonics to laser-matter and laser-plasma physics. In such
codes, an EM wave can be introduced in the simulation domain by two means. The
EM wave can be imposed as an initial condition, i.e. prescribing the fields throughout
the domain at the initial time of simulation, of course ensuring that these fields
satisfy the Poisson and zero-magnetic-divergence equations. This approach requires
a simulation domain large enough to contain the whole EM wave. Furthermore, the
knowledge of the full spatial profile at a given time may be challenging to obtain. To
remove these constraints, a second technique, which we consider in the present article,
consists in imposing the EM wave as a time-varying boundary condition. This second
approach only requires the boundary surface to be large enough, and the knowledge
of the EM field spatio-temporal profile is only required at the boundary.
Although the present article is relevant to any EM code or Maxwell solver, we
illustrate the proposed method with Particle-In-Cell (PIC) simulations [2] using the
open-source PIC code Smilei [4]. The PIC method simulates the self-consistent evo-
lution of both the field and particle distribution of a plasma. It is widely used,
from astrophysical studies [5, 6] to ultra-intense laser-plasma interaction [12, 13].
In Smilei, Maxwell’s equations are solved using the Finite-Difference-Time-Domain
approach [11, 8], and EM waves can be injected/absorbed using the Silver-Mu¨ller
boundary conditions [1]. The latter allow for EM wave injection by prescribing the
transverse magnetic field profiles at a boundary of the simulation domain.
Planar waves and paraxial Gaussian beams have a direct analytical formulation
of the EM field in the whole space. Specifying their field as a function of time at
one given boundary is thus trivial. However, other profiles do not have an analytical
representation, or at least not in the whole space. Often, they are known in a given
plane which does not correspond to a simulation box boundary. This is typical for
experimental profiles or theoretical non-paraxial beams. In that case, specifying the
field profiles at a given boundary is more involved. The present article describes a
method to facilitate this process.
A recent work by Thiele et al. [14] details a technique to pre-process an EM wave
profile specified at a given plane (parallel to, but not at the boundary) in order to
propagate it backward and obtain the field profiles at the boundary. This approach is
largely based on the Angular Spectrum Method (ASM) used in other domains, such
as acoustics [10, 3] and digital holography [7]. It consists in applying a propagation
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factor to the fields in the spatial frequency domain, thus relies heavily on Fourier
transforms. The theory by Thiele et al. extends this principle to temporal frequen-
cies, consequently allowing to prescribe a temporal profile to the EM wave. This is
obviously a strong requirement, in PIC codes, for modeling ultra-short (femtosecond)
laser pulses.
In the present article, we combine the work by Thiele et al. and that of Mat-
sushima et al. [7] in order to pre-process ultra-short-pulse EM waves prescribed at
an arbitrary, oblique plane inside the simulation domain. The paper is organized as
follows. Section 2 summarizes the theory by Thiele et al., which we complete by that
of Matsushima et al. in Section 3. The numerical technique deployed in Smilei is
presented in Section 4, and examples in two and three dimensions are given in Section
5. Finally, our conclusions are given in Section 6.
2. Propagation between parallel planes. The ASM theory can be sum-
marized in a simple manner (note that the following discussions relate to three-
dimensional simulations, but can be directly applied to two-dimensional simulations
by discarding the z axis.). It is valid for any scalar field A satisfying a wave equation:
(2.1) c2∆A(x, y, z, t) = ∂2tA(x, y, z, t)
where x, y, z and t are the space and time coordinates, and c is the wave velocity. In
our situation, the field A may be any component of the EM field (or of the EM vector
potential), and c is the speed of light in vacuum, as the propagation is only considered
without plasma. We study specifically a propagation along the x axis, between two
planes x = −δ and x = 0, as illustrated in figure 1.
Fig. 1. Box model of a simulation where the EM wave is prescribed in a parallel plane at a
distance δ from a boundary.
The three-dimensional Fourier transform of equation 2.1 for the variables y, z and
t gives:
(2.2) (∂2x + k
2
x)Aˆ(x, ky, kz, ω) = 0
OBLIQUE WAVE INJECTION 3
where ky, kz and ω are the respective conjugate variables, in the frequency domain,
of y, z and t; and kx(ky, kz, ω) ≡
√
ω2/c2 − k2y − k2z . Equation (2.2) has general
solutions proportional to exp(−ikxx) for waves propagating towards positive x. This
means that, if the profile A is known at x = 0, the profile at x = −δ is obtained after
multiplying Aˆ by exp(ikxδ):
(2.3) Aˆ(−δ, ky, kz, ω) = exp(ikxδ)Aˆ(0, ky, kz, ω)
Note that the function kx(ky, kz, ω) assumes pure imaginary values where k
2
y +
k2z > ω
2/c2. As those correspond to evanescent waves, they should not contribute
to the propagation, and are simply removed from the calculation. In other terms,
equation (2.3) should be replaced by:
(2.4) Aˆ(−δ, ky, kz, ω) = Pδ(ky, kz, ω) Aˆ(0, ky, kz, ω)
where we have introduced the propagation factor:
(2.5) Pδ(ky, kz, ω) =
{
exp (ikx(ky, kz, ω)δ) if ω
2/c2 > k2y + k
2
z
0 otherwise.
To recover the field profile A(−δ, y, z, t) in real space, a three-dimensional inverse
Fourier transform would be sufficient. However, storing all values of the (y, z, t) profile
might consume too much time and disk space. Instead, as suggested in Ref. [14], only
a two-dimensional inverse Fourier transform on ky and kz may be carried out. This
results in a A˜(−δ, y, z, ω) profile, where ω still corresponds to the temporal Fourier
modes. If necessary, only a few of these modes (the most intense ones) can be kept
to ensure a reasonable disk-space usage.
In the end, the full A(−δ, y, z, t) profile is calculated during the actual PIC sim-
ulation, summing over the different ω according to:
(2.6) A(−δ, y, z, t) = f(y, z, t) ∑ω ∣∣∣A˜(−δ, y, z, ω)∣∣∣ sin (ωt+ φ(−δ, y, z, ω))
where φ is the complex argument of A˜ and f(y, z, t) is an additional profile, defined
by the user. This optional profile f provides some extra control over the temporal
reconstruction of the wave: as a finite number of temporal modes may be kept, the
reconstructed wave is periodic, thus spurious repetitions of the EM pulse may occur
later during the simulation. This custom function f may be used to remove those
unwanted repetitions.
3. Propagation between tilted planes. In the context of image reconstitution
for digital holography, Matsushima et al. [7] proposed an extension of the ASM to
handle the propagation between two non-parallel planes, as illustrated in figure 2. In
this section, we summarize a version of that theory that follows the previous section’s
formulation.
The rotation of the wave is handled in the Fourier space, that is working directly
on the field Aˆ(x, ky, kz). In this section, the argument ω is not explicitly written as
it does not change the reasoning.
We consider, for simplicity, a rotation around the axis of kz. Denoting rotated
quantities with a “prime” symbol, the rotation of the wave vector by an angle θ reads:
(3.1)
k′x = kx cos θ + ky sin θ
k′y = −kx sin θ + ky cos θ
k′z = kz
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Fig. 2. Box model of a simulation where the EM wave is prescribed in a oblique plane.
where k′x ≡
√
ω2/c2 − k′2y − k′2z .
To obtain an expression of the rotated profile Aˆ′(x′, k′y, k
′
z), let us first apply a
propagator term exp(ikxx) in the Fourier transform:
(3.2)
A(x, y, z) =
∫∫
Aˆ(x, ky, kz) exp (ikyy + ikzz) dkydkz
=
∫∫
Aˆ(x = 0, ky, kz) exp
(
~k · ~r
)
dkydkz
where ~k = (kx, ky, kz) and ~r = (x, y, z). Note that this equation is also true in the
rotated frame:
(3.3) A′(x′, y′, z′) =
∫∫
Aˆ′(x′ = 0, k′y, k
′
z) exp
(
~k′ · ~r′
)
dk′ydk
′
z
Knowing that rotation preserves the scalar product ~k · ~r, we may operate a change of
variable (ky, kz)→ (k′y, k′z) in equation (3.2):
(3.4) A(x, y, z) =
∫∫
a(k′y, k
′
z) exp
(
~k′ · ~r′
) ∣∣∣cos θ − k′yk′x sin θ∣∣∣dk′ydk′z
where we have introduced a(k′y, k
′
z) = Aˆ(x = 0, ky, kz). As the original profile is equal
to the rotated one in rotated coordinates, i.e. A(x, y, z) = A′(x′, y′, z′), identifying
the integrands in equations (3.3) and (3.4) results in:
(3.5) Aˆ(x = 0, ky, kz) = Aˆ
′(x′ = 0, k′y, k
′
z)
∣∣∣cos θ − k′yk′x sin θ∣∣∣−1
This last equation constitutes the calculation to be carried out to obtain the rotated
wave at x = 0. More precisely, the user prescribes A′(x′ = 0, y′, z′) which is converted
to Aˆ′(x′ = 0, k′y, k
′
z) using a double Fourier transform. Then, equation (3.5) consists
in interpolating values on the rotated Fourier space, and applying the factor to obtain
Aˆ(x = 0, ky, kz). After this rotation, one may apply the same propagation factor
as in equation (2.5) in order to combine both a rotation and a translation. Follows
an inverse Fourier transform, identical to the description of the previous section, to
recover the profile in real space.
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This technique applies to any scalar field, and by extension, to any component
of the EM field. In Smilei, the boundary conditions only require the knowledge of
the magnetic field profiles transverse to the boundary. As an example, for the x = 0
boundary, one needs to prescribe the components By and Bz, the other components
being naturally obtained by solving Maxwell’s equations. Hence, in the rotated frame,
the user needs to define the profiles B′y′(x
′ = 0, y′, z′) and B′z′(x
′ = 0, y′, z′), i.e. the
magnetic field projected to y′ and z′ only. The rotation and propagation back to the
boundary x = 0 leads to the fields By′(x = 0, y, z) and Bz′(x = 0, y, z), which lie in
the x = 0 plane, but remain the components projected to y′ and z′. To recover the
components along the simulation directions y and z, a simple projection is applied:
(3.6)
By = By′ cos θ
Bz = Bz′
4. Numerical implementation. The theory described in the previous sections
presents a few numerical obstacles requiring careful treatment, especially to enable a
parallel treatment on a large number of processors. Let us first summarize the general
numerical process. In the particular case of Smilei, this involves arrays of complex
numbers of initial size (Ny, Nz, Nt) corresponding, by default, to the number of cells
Ny and Nz of the spatial mesh and the number of timesteps Nt required for the PIC
simulation. The final array size is reduced to (Ny, Nz,Mt), with Mt < Nt, should
one keep only some of the temporal Fourier modes (as described in Section 2). The
process is outlined as follows.
1. The EM wave profile A′ defined by the user is evaluated for all (y′, z′, t′)
coordinates.
2. Its Fourier transform Aˆ′ is computed along the three axes.
3. For each ω, the total spectral energy is computed, and only those ω with the
highest magnitude (according to some user-defined criterion) are kept.
4. An interpolation method transforms Aˆ′ into Aˆ corresponding to a rotation in
frequency space, see equation (3.5).
5. The array Aˆ is multiplied by the propagation factor of equation (2.5).
6. The inverse Fourier transform is computed along ky and kz only.
7. The resulting array is stored in a file. The file is read later by each process, in
order to reconstruct the wave, at each timestep, according to equation (2.6)
Steps 2 and 6 make use of an implementation of the Fast Fourier Transform (FFT)
algorithm. However, to enable multi-parallel computation, the arrays must be split
among Nproc processors. There are several approaches to perform a parallel FFT
(see Ref. [9] for a review). In Smilei, we have chosen to split the initial array A′
in equal parts along its first dimension, y (note that, before step 1, the array size is
extended, if necessary, to a multiple of Nproc). As a consequence, each processor owns
an array of size (ny, Nz, Nt), where ny = Ny/Nproc. Step 2 begins by applying the
FFT algorithm to the last two dimensions z and t. In order to transform the first
dimension y, some data re-organization is necessary. We employ the Message Passing
Interface (MPI) protocol to communicate parts of the arrays between processors, so
that each processor finally owns a portion of the global array corresponding to a slab
along the second dimension z, of size (Ny, nz, Nt), where nz = Nz/Nproc. This allows
the computation of the FFT along y, thus providing the total Fourier transform Aˆ′.
Note that, in this whole process, the decomposition of the array between processors
has changed.
In step 6, the calculation is almost the same, but in reverse order. First, the
inverse FFT is computed along y. Then, the array decomposition between processors
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is reversed again, using MPI, so that they each own a portion of size (ny, Nz,Mt).
Finally, the inverse FFT is computed over the axis z.
Step 4 requires some interpolation algorithm that maps Aˆ′(k′y, kz, ω) to Aˆ(ky, kz, ω).
In computing terms, for each point at location (ky, kz, ω) of the resulting array Aˆ, we
determine the location (k′y, kz, ω) in the initial array Aˆ
′ from where the value is copied,
using equation (3.1). As this location may not fall exactly on a array point, we must
interpolate between two consecutive k′y. Importantly, the complex numbers given by
a typical FFT of a laser profile present a rapidly-varying argument, often close to,
or faster than the grid resolution. Consequently, one must not interpolate linearly
between two complex numbers to avoid cancellation of two numbers with opposite
phases. Instead, in Smilei, we considered that the magnitude and argument are both
physically significant: the former represents the weight assigned to each mode, while
the latter corresponds to a delay in space and/or time. This consideration supports a
separate interpolation for the magnitude and the argument of these complex numbers,
which is done in Smilei. One additional precaution is necessary for the interpolation
of the argument: as the global phase is supposed to vary smoothly across the array,
we ensure that two consecutive arguments are always in the same order (e.g., the
second larger than the first, adding 2pi to the second when necessary).
5. Examples. The overall method described in the previous sections has been
implemented in Smilei in both two- and three-dimensional Cartesian geometries.
Let us first present a two-dimensional simulation of a tightly-focused laser pulse
with an angle of incidence of 25◦, a wavelength λ and a linear polarization in the
simulation plane (x, y). The full simulation domain extends from x = −16λ to 16λ
and y = −96λ to 96λ. To inject this laser, we prescribed a Bz magnetic field profile
along a line y′ tilted by 25◦ with respect to the x = −16λ boundary of the simulation
domain. The intensity profile is Gaussian in space and has a cos2 shape in time, the
focus being located in the middle of the simulation box (x = 0, y = 0, y′ = 0) and
the time t = 0 denoting the time at which the laser field is maximal:
Bz(t, y
′) = a0 exp
(
−y
′2
w2
)
cos
(
pi
2
t
τ
)
Π
(
t
τ
)
cos(ω0t)(5.1)
with ω0 = 2pi c/λ the laser angular frequency, Π(t) = 1 for −1 < t < 1 and 0 otherwise,
a0 = 1 the field amplitude in arbitrary units, w = λ the waist, and τ = 6λ/c the
duration. The spatial and temporal resolutions were set to ∆x = ∆y = λ/32 and
c∆t = 0.95∆x/
√
2, respectively. For this simulation, only the 128 most intense modes
were kept. The simulation results are reported in Fig. 3. The top panels show both
the spatial and temporal aspects of the laser pulse propagation. The bottom panels
prove the excellent quantitative agreement between the simulated field evolution and
the prescribed profiles.
To illustrate our method in a three-dimensional simulation, we prescribe, in a
(y′, z) plane titled by 25◦, a Laguerre-Gauss beam (mode 1, 0) with a cos2 temporal
shape as:
Bz(t, y
′, z) = a0
√
2
r′
w
exp
(
− r
′2
w2
)
cos
(
pi
2
t
τ
)
Π
(
t
τ
)
cos (ω0t− φ′)(5.2)
where r′ =
√
y′2 + z2, φ′ = arctan(z/y′), w = 3λ, and τ = 5λ/c. The simulation box
extends from x = −8λ to 8λ, from y = −24λ to 24λ, and from z = −16λ to 16λ.
The spatial and temporal resolutions are ∆x = ∆y = λ/16 and c∆t = 0.95∆x/
√
3,
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Fig. 3. Two-dimensional simulation of a tightly-focused beam prescribed in a tilted plane. Top
panels: Magnetic field Bz at three different times. Bottom panels: Comparison of the obtained
(red lines) and requested (dashed black lines) magnetic field profiles, as a function of time (left) at
x = y = 0, and as a function of y′ (right) at t = 0.
respectively. Fig. 4 illustrates the propagated laser pulse in a three-dimensional ren-
dering of Bz isocontours. The right-hand-side panels show the excellent quantitative
agreement between the obtained and requested field profiles.
Bz(t = 0, x, y, z)
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z/ 
<latexit sha1_base64="suKjdms/SZ/wQlbY R2dmLiT1VIQ=">AAAB73icbVBNSwMxFHxbv2r9qnr0EiyCp7orgvVW8OKxgmsr7VKy2WwbmmSXJC vUpb/CiwcVr/4db/4b03YP2joQGGbmkfcmTDnTxnW/ndLK6tr6RnmzsrW9s7tX3T+410mmCPVJwh PVCbGmnEnqG2Y47aSKYhFy2g5H11O//UiVZom8M+OUBgIPJIsZwcZKD09nPW7DEe5Xa27dnQEtE6 8gNSjQ6le/elFCMkGlIRxr3fXc1AQ5VoYRTieVXqZpiskID2jXUokF1UE+W3iCTqwSoThR9kmDZu rviRwLrccitEmBzVAvelPxP6+bmbgR5EymmaGSzD+KM45MgqbXo4gpSgwfW4KJYnZXRIZYYWJsRx Vbgrd48jLxz+tXde/2otZsFG2U4QiO4RQ8uIQm3EALfCAg4Ble4c1Rzovz7nzMoyWnmDmEP3A+fw D0UpAE</latexit><latexit sha1_base64="suKjdms/SZ/wQlbY R2dmLiT1VIQ=">AAAB73icbVBNSwMxFHxbv2r9qnr0EiyCp7orgvVW8OKxgmsr7VKy2WwbmmSXJC vUpb/CiwcVr/4db/4b03YP2joQGGbmkfcmTDnTxnW/ndLK6tr6RnmzsrW9s7tX3T+410mmCPVJwh PVCbGmnEnqG2Y47aSKYhFy2g5H11O//UiVZom8M+OUBgIPJIsZwcZKD09nPW7DEe5Xa27dnQEtE6 8gNSjQ6le/elFCMkGlIRxr3fXc1AQ5VoYRTieVXqZpiskID2jXUokF1UE+W3iCTqwSoThR9kmDZu rviRwLrccitEmBzVAvelPxP6+bmbgR5EymmaGSzD+KM45MgqbXo4gpSgwfW4KJYnZXRIZYYWJsRx Vbgrd48jLxz+tXde/2otZsFG2U4QiO4RQ8uIQm3EALfCAg4Ble4c1Rzovz7nzMoyWnmDmEP3A+fw D0UpAE</latexit><latexit sha1_base64="suKjdms/SZ/wQlbY R2dmLiT1VIQ=">AAAB73icbVBNSwMxFHxbv2r9qnr0EiyCp7orgvVW8OKxgmsr7VKy2WwbmmSXJC vUpb/CiwcVr/4db/4b03YP2joQGGbmkfcmTDnTxnW/ndLK6tr6RnmzsrW9s7tX3T+410mmCPVJwh PVCbGmnEnqG2Y47aSKYhFy2g5H11O//UiVZom8M+OUBgIPJIsZwcZKD09nPW7DEe5Xa27dnQEtE6 8gNSjQ6le/elFCMkGlIRxr3fXc1AQ5VoYRTieVXqZpiskID2jXUokF1UE+W3iCTqwSoThR9kmDZu rviRwLrccitEmBzVAvelPxP6+bmbgR5EymmaGSzD+KM45MgqbXo4gpSgwfW4KJYnZXRIZYYWJsRx Vbgrd48jLxz+tXde/2otZsFG2U4QiO4RQ8uIQm3EALfCAg4Ble4c1Rzovz7nzMoyWnmDmEP3A+fw D0UpAE</latexit><latexit sha1_base64="suKjdms/SZ/wQlbY R2dmLiT1VIQ=">AAAB73icbVBNSwMxFHxbv2r9qnr0EiyCp7orgvVW8OKxgmsr7VKy2WwbmmSXJC vUpb/CiwcVr/4db/4b03YP2joQGGbmkfcmTDnTxnW/ndLK6tr6RnmzsrW9s7tX3T+410mmCPVJwh PVCbGmnEnqG2Y47aSKYhFy2g5H11O//UiVZom8M+OUBgIPJIsZwcZKD09nPW7DEe5Xa27dnQEtE6 8gNSjQ6le/elFCMkGlIRxr3fXc1AQ5VoYRTieVXqZpiskID2jXUokF1UE+W3iCTqwSoThR9kmDZu rviRwLrccitEmBzVAvelPxP6+bmbgR5EymmaGSzD+KM45MgqbXo4gpSgwfW4KJYnZXRIZYYWJsRx Vbgrd48jLxz+tXde/2otZsFG2U4QiO4RQ8uIQm3EALfCAg4Ble4c1Rzovz7nzMoyWnmDmEP3A+fw D0UpAE</latexit>
y
/ 
<latexit sha1_base64="0cXP9Ye71ueRrn+OAZprwdZUQ0g=">AAAB73icbVBNSwMxFHxbv2r9qnr0EiyCp7orgvVW8OKxgquVdinZbLYNTbJLkhWWpb/CiwcVr/4db/4b03YP2joQGGbmkfcmTDnTxnW/ncrK6tr6RnWztrW9s7tX3z+410mmCPVJwhPVDbGmnEnqG2Y47aaKYhFy+hCOr6f+wxNVmiXyzuQpDQQeShYzgo2VHvOzPrfhCA/qDbfpzoCWiVeSBpToDOpf/SghmaDSEI617nluaoICK8MIp5NaP9M0xWSMh7RnqcSC6qCYLTxBJ1aJUJwo+6RBM/X3RIGF1rkIbVJgM9KL3lT8z+tlJm4FBZNpZqgk84/ijCOToOn1KGKKEsNzSzBRzO6KyAgrTIztqGZL8BZPXib+efOq6d1eNNqtso0qHMExnIIHl9CGG+iADwQEPMMrvDnKeXHenY95tOKUM4fwB87nD/LHkAM=</latexit><latexit sha1_base64="0cXP9Ye71ueRrn+OAZprwdZUQ0g=">AAAB73icbVBNSwMxFHxbv2r9qnr0EiyCp7orgvVW8OKxgquVdinZbLYNTbJLkhWWpb/CiwcVr/4db/4b03YP2joQGGbmkfcmTDnTxnW/ncrK6tr6RnWztrW9s7tX3z+410mmCPVJwhPVDbGmnEnqG2Y47aaKYhFy+hCOr6f+wxNVmiXyzuQpDQQeShYzgo2VHvOzPrfhCA/qDbfpzoCWiVeSBpToDOpf/SghmaDSEI617nluaoICK8MIp5NaP9M0xWSMh7RnqcSC6qCYLTxBJ1aJUJwo+6RBM/X3RIGF1rkIbVJgM9KL3lT8z+tlJm4FBZNpZqgk84/ijCOToOn1KGKKEsNzSzBRzO6KyAgrTIztqGZL8BZPXib+efOq6d1eNNqtso0qHMExnIIHl9CGG+iADwQEPMMrvDnKeXHenY95tOKUM4fwB87nD/LHkAM=</latexit><latexit sha1_base64="0cXP9Ye71ueRrn+OAZprwdZUQ0g=">AAAB73icbVBNSwMxFHxbv2r9qnr0EiyCp7orgvVW8OKxgquVdinZbLYNTbJLkhWWpb/CiwcVr/4db/4b03YP2joQGGbmkfcmTDnTxnW/ncrK6tr6RnWztrW9s7tX3z+410mmCPVJwhPVDbGmnEnqG2Y47aaKYhFy+hCOr6f+wxNVmiXyzuQpDQQeShYzgo2VHvOzPrfhCA/qDbfpzoCWiVeSBpToDOpf/SghmaDSEI617nluaoICK8MIp5NaP9M0xWSMh7RnqcSC6qCYLTxBJ1aJUJwo+6RBM/X3RIGF1rkIbVJgM9KL3lT8z+tlJm4FBZNpZqgk84/ijCOToOn1KGKKEsNzSzBRzO6KyAgrTIztqGZL8BZPXib+efOq6d1eNNqtso0qHMExnIIHl9CGG+iADwQEPMMrvDnKeXHenY95tOKUM4fwB87nD/LHkAM=</latexit><latexit sha1_base64="0cXP9Ye71ueRrn+OAZprwdZUQ0g=">AAAB73icbVBNSwMxFHxbv2r9qnr0EiyCp7orgvVW8OKxgquVdinZbLYNTbJLkhWWpb/CiwcVr/4db/4b03YP2joQGGbmkfcmTDnTxnW/ncrK6tr6RnWztrW9s7tX3z+410mmCPVJwhPVDbGmnEnqG2Y47aaKYhFy+hCOr6f+wxNVmiXyzuQpDQQeShYzgo2VHvOzPrfhCA/qDbfpzoCWiVeSBpToDOpf/SghmaDSEI617nluaoICK8MIp5NaP9M0xWSMh7RnqcSC6qCYLTxBJ1aJUJwo+6RBM/X3RIGF1rkIbVJgM9KL3lT8z+tlJm4FBZNpZqgk84/ijCOToOn1KGKKEsNzSzBRzO6KyAgrTIztqGZL8BZPXib+efOq6d1eNNqtso0qHMExnIIHl9CGG+iADwQEPMMrvDnKeXHenY95tOKUM4fwB87nD/LHkAM=</latexit>
y0/ 
<latexit sha1_base64="7YAdVHBpzqUv04a/ESUc1qF+6UI=">AAAB8HicbVBNS8NAFHypX7V+RT 16WSyip5qIYL0VvHisYGyxDWWz2bRLN5uwuxFC6L/w4kHFqz/Hm//GbZuDtg4sDDPz2PcmSDlT2nG+rcrK6tr6RnWztrW9s7tn7x88qCSThHok4YnsBlhRzgT1NNOcdlNJcRxw2gnGN1O/80SlYom413lK/R gPBYsYwdpIj/npeZ+bdIgHdt1pODOgZeKWpA4l2gP7qx8mJIup0IRjpXquk2q/wFIzwumk1s8UTTEZ4yHtGSpwTJVfzDaeoBOjhChKpHlCo5n6e6LAsVJ5HJhkjPVILXpT8T+vl+mo6RdMpJmmgsw/ijKOd IKm56OQSUo0zw3BRDKzKyIjLDHRpqSaKcFdPHmZeBeN64Z7d1lvNcs2qnAEx3AGLlxBC26hDR4QEPAMr/BmKevFerc+5tGKVc4cwh9Ynz9Ub5A0</latexit><latexit sha1_base64="7YAdVHBpzqUv04a/ESUc1qF+6UI=">AAAB8HicbVBNS8NAFHypX7V+RT 16WSyip5qIYL0VvHisYGyxDWWz2bRLN5uwuxFC6L/w4kHFqz/Hm//GbZuDtg4sDDPz2PcmSDlT2nG+rcrK6tr6RnWztrW9s7tn7x88qCSThHok4YnsBlhRzgT1NNOcdlNJcRxw2gnGN1O/80SlYom413lK/R gPBYsYwdpIj/npeZ+bdIgHdt1pODOgZeKWpA4l2gP7qx8mJIup0IRjpXquk2q/wFIzwumk1s8UTTEZ4yHtGSpwTJVfzDaeoBOjhChKpHlCo5n6e6LAsVJ5HJhkjPVILXpT8T+vl+mo6RdMpJmmgsw/ijKOd IKm56OQSUo0zw3BRDKzKyIjLDHRpqSaKcFdPHmZeBeN64Z7d1lvNcs2qnAEx3AGLlxBC26hDR4QEPAMr/BmKevFerc+5tGKVc4cwh9Ynz9Ub5A0</latexit><latexit sha1_base64="7YAdVHBpzqUv04a/ESUc1qF+6UI=">AAAB8HicbVBNS8NAFHypX7V+RT 16WSyip5qIYL0VvHisYGyxDWWz2bRLN5uwuxFC6L/w4kHFqz/Hm//GbZuDtg4sDDPz2PcmSDlT2nG+rcrK6tr6RnWztrW9s7tn7x88qCSThHok4YnsBlhRzgT1NNOcdlNJcRxw2gnGN1O/80SlYom413lK/R gPBYsYwdpIj/npeZ+bdIgHdt1pODOgZeKWpA4l2gP7qx8mJIup0IRjpXquk2q/wFIzwumk1s8UTTEZ4yHtGSpwTJVfzDaeoBOjhChKpHlCo5n6e6LAsVJ5HJhkjPVILXpT8T+vl+mo6RdMpJmmgsw/ijKOd IKm56OQSUo0zw3BRDKzKyIjLDHRpqSaKcFdPHmZeBeN64Z7d1lvNcs2qnAEx3AGLlxBC26hDR4QEPAMr/BmKevFerc+5tGKVc4cwh9Ynz9Ub5A0</latexit><latexit sha1_base64="7YAdVHBpzqUv04a/ESUc1qF+6UI=">AAAB8HicbVBNS8NAFHypX7V+RT 16WSyip5qIYL0VvHisYGyxDWWz2bRLN5uwuxFC6L/w4kHFqz/Hm//GbZuDtg4sDDPz2PcmSDlT2nG+rcrK6tr6RnWztrW9s7tn7x88qCSThHok4YnsBlhRzgT1NNOcdlNJcRxw2gnGN1O/80SlYom413lK/R gPBYsYwdpIj/npeZ+bdIgHdt1pODOgZeKWpA4l2gP7qx8mJIup0IRjpXquk2q/wFIzwumk1s8UTTEZ4yHtGSpwTJVfzDaeoBOjhChKpHlCo5n6e6LAsVJ5HJhkjPVILXpT8T+vl+mo6RdMpJmmgsw/ijKOd IKm56OQSUo0zw3BRDKzKyIjLDHRpqSaKcFdPHmZeBeN64Z7d1lvNcs2qnAEx3AGLlxBC26hDR4QEPAMr/BmKevFerc+5tGKVc4cwh9Ynz9Ub5A0</latexit>
ct/ 
<latexit sha1_base64="6AIGXHKkxhf2MOvuEja9JbY0NnQ=">AAAB8HicbVBNS8NAFHypX7V+VT 16WSyCp5qIYL0VvHisYLTYhrLZbNqlm03YfRFK6b/w4kHFqz/Hm//GbZuDtg4sDDPz2PcmzKQw6LrfTmlldW19o7xZ2dre2d2r7h/cmzTXjPsslaluh9RwKRT3UaDk7UxzmoSSP4TD66n/8MS1Eam6w1HGg4 T2lYgFo2ilR4ZnXWnTEe1Va27dnYEsE68gNSjQ6lW/ulHK8oQrZJIa0/HcDIMx1SiY5JNKNzc8o2xI+7xjqaIJN8F4tvGEnFglInGq7VNIZurviTFNjBkloU0mFAdm0ZuK/3mdHONGMBYqy5ErNv8oziXBl EzPJ5HQnKEcWUKZFnZXwgZUU4a2pIotwVs8eZn45/Wrund7UWs2ijbKcATHcAoeXEITbqAFPjBQ8Ayv8OYY58V5dz7m0ZJTzBzCHzifP6k2kGs=</latexit><latexit sha1_base64="6AIGXHKkxhf2MOvuEja9JbY0NnQ=">AAAB8HicbVBNS8NAFHypX7V+VT 16WSyCp5qIYL0VvHisYLTYhrLZbNqlm03YfRFK6b/w4kHFqz/Hm//GbZuDtg4sDDPz2PcmzKQw6LrfTmlldW19o7xZ2dre2d2r7h/cmzTXjPsslaluh9RwKRT3UaDk7UxzmoSSP4TD66n/8MS1Eam6w1HGg4 T2lYgFo2ilR4ZnXWnTEe1Va27dnYEsE68gNSjQ6lW/ulHK8oQrZJIa0/HcDIMx1SiY5JNKNzc8o2xI+7xjqaIJN8F4tvGEnFglInGq7VNIZurviTFNjBkloU0mFAdm0ZuK/3mdHONGMBYqy5ErNv8oziXBl EzPJ5HQnKEcWUKZFnZXwgZUU4a2pIotwVs8eZn45/Wrund7UWs2ijbKcATHcAoeXEITbqAFPjBQ8Ayv8OYY58V5dz7m0ZJTzBzCHzifP6k2kGs=</latexit><latexit sha1_base64="6AIGXHKkxhf2MOvuEja9JbY0NnQ=">AAAB8HicbVBNS8NAFHypX7V+VT 16WSyCp5qIYL0VvHisYLTYhrLZbNqlm03YfRFK6b/w4kHFqz/Hm//GbZuDtg4sDDPz2PcmzKQw6LrfTmlldW19o7xZ2dre2d2r7h/cmzTXjPsslaluh9RwKRT3UaDk7UxzmoSSP4TD66n/8MS1Eam6w1HGg4 T2lYgFo2ilR4ZnXWnTEe1Va27dnYEsE68gNSjQ6lW/ulHK8oQrZJIa0/HcDIMx1SiY5JNKNzc8o2xI+7xjqaIJN8F4tvGEnFglInGq7VNIZurviTFNjBkloU0mFAdm0ZuK/3mdHONGMBYqy5ErNv8oziXBl EzPJ5HQnKEcWUKZFnZXwgZUU4a2pIotwVs8eZn45/Wrund7UWs2ijbKcATHcAoeXEITbqAFPjBQ8Ayv8OYY58V5dz7m0ZJTzBzCHzifP6k2kGs=</latexit><latexit sha1_base64="6AIGXHKkxhf2MOvuEja9JbY0NnQ=">AAAB8HicbVBNS8NAFHypX7V+VT 16WSyCp5qIYL0VvHisYLTYhrLZbNqlm03YfRFK6b/w4kHFqz/Hm//GbZuDtg4sDDPz2PcmzKQw6LrfTmlldW19o7xZ2dre2d2r7h/cmzTXjPsslaluh9RwKRT3UaDk7UxzmoSSP4TD66n/8MS1Eam6w1HGg4 T2lYgFo2ilR4ZnXWnTEe1Va27dnYEsE68gNSjQ6lW/ulHK8oQrZJIa0/HcDIMx1SiY5JNKNzc8o2xI+7xjqaIJN8F4tvGEnFglInGq7VNIZurviTFNjBkloU0mFAdm0ZuK/3mdHONGMBYqy5ErNv8oziXBl EzPJ5HQnKEcWUKZFnZXwgZUU4a2pIotwVs8eZn45/Wrund7UWs2ijbKcATHcAoeXEITbqAFPjBQ8Ayv8OYY58V5dz7m0ZJTzBzCHzifP6k2kGs=</latexit>
B0z(t = 0, x
0 = 0, y0, z0 = 0)
<latexit sha1_base64="t5cyDkCHpLRKja1OSdJKONW77mE=">AAAB/nicbVBNS8MwGE79nPOrKn jxEhyyCWO0IjgPwtCLxwnWDbZS0izdwtK0JKnYzR38K148qHj1d3jz35htPejmA8n78DzvS948fsyoVJb1bSwsLi2vrObW8usbm1vb5s7unYwSgYmDIxaJpo8kYZQTR1HFSDMWBIU+Iw2/fzX2G/dESBrxW 5XGxA1Rl9OAYqS05Jn7l96gWFIXVvmhqK+0WB7oeuyZBatiTQDniZ2RAshQ98yvdifCSUi4wgxJ2bKtWLlDJBTFjIzy7USSGOE+6pKWphyFRLrDyf4jeKSVDgwioQ9XcKL+nhiiUMo09HVniFRPznpj8T+ vlaig6g4pjxNFOJ4+FCQMqgiOw4AdKghWLNUEYUH1rhD3kEBY6cjyOgR79svzxDmpnFfsm9NCrZqlkQMH4BCUgA3OQA1cgzpwAAaP4Bm8gjfjyXgx3o2PaeuCkc3sgT8wPn8A+XaTAw==</latexit><latexit sha1_base64="t5cyDkCHpLRKja1OSdJKONW77mE=">AAAB/nicbVBNS8MwGE79nPOrKn jxEhyyCWO0IjgPwtCLxwnWDbZS0izdwtK0JKnYzR38K148qHj1d3jz35htPejmA8n78DzvS948fsyoVJb1bSwsLi2vrObW8usbm1vb5s7unYwSgYmDIxaJpo8kYZQTR1HFSDMWBIU+Iw2/fzX2G/dESBrxW 5XGxA1Rl9OAYqS05Jn7l96gWFIXVvmhqK+0WB7oeuyZBatiTQDniZ2RAshQ98yvdifCSUi4wgxJ2bKtWLlDJBTFjIzy7USSGOE+6pKWphyFRLrDyf4jeKSVDgwioQ9XcKL+nhiiUMo09HVniFRPznpj8T+ vlaig6g4pjxNFOJ4+FCQMqgiOw4AdKghWLNUEYUH1rhD3kEBY6cjyOgR79svzxDmpnFfsm9NCrZqlkQMH4BCUgA3OQA1cgzpwAAaP4Bm8gjfjyXgx3o2PaeuCkc3sgT8wPn8A+XaTAw==</latexit><latexit sha1_base64="t5cyDkCHpLRKja1OSdJKONW77mE=">AAAB/nicbVBNS8MwGE79nPOrKn jxEhyyCWO0IjgPwtCLxwnWDbZS0izdwtK0JKnYzR38K148qHj1d3jz35htPejmA8n78DzvS948fsyoVJb1bSwsLi2vrObW8usbm1vb5s7unYwSgYmDIxaJpo8kYZQTR1HFSDMWBIU+Iw2/fzX2G/dESBrxW 5XGxA1Rl9OAYqS05Jn7l96gWFIXVvmhqK+0WB7oeuyZBatiTQDniZ2RAshQ98yvdifCSUi4wgxJ2bKtWLlDJBTFjIzy7USSGOE+6pKWphyFRLrDyf4jeKSVDgwioQ9XcKL+nhiiUMo09HVniFRPznpj8T+ vlaig6g4pjxNFOJ4+FCQMqgiOw4AdKghWLNUEYUH1rhD3kEBY6cjyOgR79svzxDmpnFfsm9NCrZqlkQMH4BCUgA3OQA1cgzpwAAaP4Bm8gjfjyXgx3o2PaeuCkc3sgT8wPn8A+XaTAw==</latexit><latexit sha1_base64="t5cyDkCHpLRKja1OSdJKONW77mE=">AAAB/nicbVBNS8MwGE79nPOrKn jxEhyyCWO0IjgPwtCLxwnWDbZS0izdwtK0JKnYzR38K148qHj1d3jz35htPejmA8n78DzvS948fsyoVJb1bSwsLi2vrObW8usbm1vb5s7unYwSgYmDIxaJpo8kYZQTR1HFSDMWBIU+Iw2/fzX2G/dESBrxW 5XGxA1Rl9OAYqS05Jn7l96gWFIXVvmhqK+0WB7oeuyZBatiTQDniZ2RAshQ98yvdifCSUi4wgxJ2bKtWLlDJBTFjIzy7USSGOE+6pKWphyFRLrDyf4jeKSVDgwioQ9XcKL+nhiiUMo09HVniFRPznpj8T+ vlaig6g4pjxNFOJ4+FCQMqgiOw4AdKghWLNUEYUH1rhD3kEBY6cjyOgR79svzxDmpnFfsm9NCrZqlkQMH4BCUgA3OQA1cgzpwAAaP4Bm8gjfjyXgx3o2PaeuCkc3sgT8wPn8A+XaTAw==</latexit>
' 2.12
<latexit sha1_base64="h64K8eGs+kpH2KabGQVVj4H24II=">AAAB8nicbVBNS8NAEN34WetX 1aOXxSJ4CkkRrLeCF48VjC00oWy2k3bp7ibuboQS+je8eFDx6q/x5r9x2+agrQ8GHu/NMDMvzjjTxvO+nbX1jc2t7cpOdXdv/+CwdnT8oNNcUQhoylPVjYkGziQEhhkO3UwBETGHTjy+mfmdJ1CapfLe TDKIBBlKljBKjJXCUDMBj7jh+g3cr9U915sDrxK/JHVUot2vfYWDlOYCpKGcaN3zvcxEBVGGUQ7TaphryAgdkyH0LJVEgI6K+c1TfG6VAU5SZUsaPFd/TxREaD0Rse0UxIz0sjcT//N6uUmaUcFklhuQ dLEoyTk2KZ4FgAdMATV8YgmhitlbMR0RRaixMVVtCP7yy6skaLjXrn93WW81yzQq6BSdoQvkoyvUQreojQJEUYae0St6c3LnxXl3Phata045c4L+wPn8AZGykDo=</latexit><latexit sha1_base64="h64K8eGs+kpH2KabGQVVj4H24II=">AAAB8nicbVBNS8NAEN34WetX 1aOXxSJ4CkkRrLeCF48VjC00oWy2k3bp7ibuboQS+je8eFDx6q/x5r9x2+agrQ8GHu/NMDMvzjjTxvO+nbX1jc2t7cpOdXdv/+CwdnT8oNNcUQhoylPVjYkGziQEhhkO3UwBETGHTjy+mfmdJ1CapfLe TDKIBBlKljBKjJXCUDMBj7jh+g3cr9U915sDrxK/JHVUot2vfYWDlOYCpKGcaN3zvcxEBVGGUQ7TaphryAgdkyH0LJVEgI6K+c1TfG6VAU5SZUsaPFd/TxREaD0Rse0UxIz0sjcT//N6uUmaUcFklhuQ dLEoyTk2KZ4FgAdMATV8YgmhitlbMR0RRaixMVVtCP7yy6skaLjXrn93WW81yzQq6BSdoQvkoyvUQreojQJEUYae0St6c3LnxXl3Phata045c4L+wPn8AZGykDo=</latexit><latexit sha1_base64="h64K8eGs+kpH2KabGQVVj4H24II=">AAAB8nicbVBNS8NAEN34WetX 1aOXxSJ4CkkRrLeCF48VjC00oWy2k3bp7ibuboQS+je8eFDx6q/x5r9x2+agrQ8GHu/NMDMvzjjTxvO+nbX1jc2t7cpOdXdv/+CwdnT8oNNcUQhoylPVjYkGziQEhhkO3UwBETGHTjy+mfmdJ1CapfLe TDKIBBlKljBKjJXCUDMBj7jh+g3cr9U915sDrxK/JHVUot2vfYWDlOYCpKGcaN3zvcxEBVGGUQ7TaphryAgdkyH0LJVEgI6K+c1TfG6VAU5SZUsaPFd/TxREaD0Rse0UxIz0sjcT//N6uUmaUcFklhuQ dLEoyTk2KZ4FgAdMATV8YgmhitlbMR0RRaixMVVtCP7yy6skaLjXrn93WW81yzQq6BSdoQvkoyvUQreojQJEUYae0St6c3LnxXl3Phata045c4L+wPn8AZGykDo=</latexit><latexit sha1_base64="h64K8eGs+kpH2KabGQVVj4H24II=">AAAB8nicbVBNS8NAEN34WetX 1aOXxSJ4CkkRrLeCF48VjC00oWy2k3bp7ibuboQS+je8eFDx6q/x5r9x2+agrQ8GHu/NMDMvzjjTxvO+nbX1jc2t7cpOdXdv/+CwdnT8oNNcUQhoylPVjYkGziQEhhkO3UwBETGHTjy+mfmdJ1CapfLe TDKIBBlKljBKjJXCUDMBj7jh+g3cr9U915sDrxK/JHVUot2vfYWDlOYCpKGcaN3zvcxEBVGGUQ7TaphryAgdkyH0LJVEgI6K+c1TfG6VAU5SZUsaPFd/TxREaD0Rse0UxIz0sjcT//N6uUmaUcFklhuQ dLEoyTk2KZ4FgAdMATV8YgmhitlbMR0RRaixMVVtCP7yy6skaLjXrn93WW81yzQq6BSdoQvkoyvUQreojQJEUYae0St6c3LnxXl3Phata045c4L+wPn8AZGykDo=</latexit>
B0z(t, x
0 = 0, y0 = 2.12 , z0 = 0)
<latexit sha1_base64="ES7jPP96Kk0TKfXczVScg8jn9jU=">AAACCHicbVBNS0JBFJ1nX2Zf Vss2QxIaiLwnQbYQpDYtDTIFFZk3b9TBeR/M3Bc9H27b9FfatKho209o179p1Lco7cDA4Zx7uHOPHQiuwDS/jdTK6tr6Rnozs7W9s7uX3T+4U34oKWtQX/iyZRPFBPdYAzgI1gokI64tWNMeXU395j2T ivveLUQB67pk4PE+pwS01Mviy944X4DiQ75qFqN8tVyyyh2h8w4pjrV22svmzJI5A14mVkJyKEG9l/3qOD4NXeYBFUSptmUG0I2JBE4Fm2Q6oWIBoSMyYG1NPeIy1Y1nl0zwiVYc3Pelfh7gmfo7ERNX qci19aRLYKgWvan4n9cOoV/pxtwLQmAenS/qhwKDj6e1YIdLRkFEmhAquf4rpkMiCQVdXkaXYC2evEwa5dJFybo5y9UqSRtpdISOUQFZ6BzV0DWqowai6BE9o1f0ZjwZL8a78TEfTRlJ5hD9gfH5A7xG lrc=</latexit><latexit sha1_base64="ES7jPP96Kk0TKfXczVScg8jn9jU=">AAACCHicbVBNS0JBFJ1nX2Zf Vss2QxIaiLwnQbYQpDYtDTIFFZk3b9TBeR/M3Bc9H27b9FfatKho209o179p1Lco7cDA4Zx7uHOPHQiuwDS/jdTK6tr6Rnozs7W9s7uX3T+4U34oKWtQX/iyZRPFBPdYAzgI1gokI64tWNMeXU395j2T ivveLUQB67pk4PE+pwS01Mviy944X4DiQ75qFqN8tVyyyh2h8w4pjrV22svmzJI5A14mVkJyKEG9l/3qOD4NXeYBFUSptmUG0I2JBE4Fm2Q6oWIBoSMyYG1NPeIy1Y1nl0zwiVYc3Pelfh7gmfo7ERNX qci19aRLYKgWvan4n9cOoV/pxtwLQmAenS/qhwKDj6e1YIdLRkFEmhAquf4rpkMiCQVdXkaXYC2evEwa5dJFybo5y9UqSRtpdISOUQFZ6BzV0DWqowai6BE9o1f0ZjwZL8a78TEfTRlJ5hD9gfH5A7xG lrc=</latexit><latexit sha1_base64="ES7jPP96Kk0TKfXczVScg8jn9jU=">AAACCHicbVBNS0JBFJ1nX2Zf Vss2QxIaiLwnQbYQpDYtDTIFFZk3b9TBeR/M3Bc9H27b9FfatKho209o179p1Lco7cDA4Zx7uHOPHQiuwDS/jdTK6tr6Rnozs7W9s7uX3T+4U34oKWtQX/iyZRPFBPdYAzgI1gokI64tWNMeXU395j2T ivveLUQB67pk4PE+pwS01Mviy944X4DiQ75qFqN8tVyyyh2h8w4pjrV22svmzJI5A14mVkJyKEG9l/3qOD4NXeYBFUSptmUG0I2JBE4Fm2Q6oWIBoSMyYG1NPeIy1Y1nl0zwiVYc3Pelfh7gmfo7ERNX qci19aRLYKgWvan4n9cOoV/pxtwLQmAenS/qhwKDj6e1YIdLRkFEmhAquf4rpkMiCQVdXkaXYC2evEwa5dJFybo5y9UqSRtpdISOUQFZ6BzV0DWqowai6BE9o1f0ZjwZL8a78TEfTRlJ5hD9gfH5A7xG lrc=</latexit><latexit sha1_base64="ES7jPP96Kk0TKfXczVScg8jn9jU=">AAACCHicbVBNS0JBFJ1nX2Zf Vss2QxIaiLwnQbYQpDYtDTIFFZk3b9TBeR/M3Bc9H27b9FfatKho209o179p1Lco7cDA4Zx7uHOPHQiuwDS/jdTK6tr6Rnozs7W9s7uX3T+4U34oKWtQX/iyZRPFBPdYAzgI1gokI64tWNMeXU395j2T ivveLUQB67pk4PE+pwS01Mviy944X4DiQ75qFqN8tVyyyh2h8w4pjrV22svmzJI5A14mVkJyKEG9l/3qOD4NXeYBFUSptmUG0I2JBE4Fm2Q6oWIBoSMyYG1NPeIy1Y1nl0zwiVYc3Pelfh7gmfo7ERNX qci19aRLYKgWvan4n9cOoV/pxtwLQmAenS/qhwKDj6e1YIdLRkFEmhAquf4rpkMiCQVdXkaXYC2evEwa5dJFybo5y9UqSRtpdISOUQFZ6BzV0DWqowai6BE9o1f0ZjwZL8a78TEfTRlJ5hD9gfH5A7xG lrc=</latexit>
Fig. 4. Three-dimensional simulation of an oblique-incidence Laguerre-Gauss beam. Left: 3D
rendering of magnetic field isocontours at Bz = ±a0/10. Top right: spatial profile in the tilted plane
at t = 0. Bottom right: temporal profile at x′ = z′ = 0, y′ = 2.12λ. Red and dashed black lines
represent obtained and requested profiles, respectively.
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6. Conclusion. In summary, the present article reviews and combines two re-
lated theories for the propagation of waves between two planes. They both extend the
ASM, the first for temporal profiling, and the second for propagation between tilted
planes. We have combined both approaches and described the numerical implementa-
tion in a parallel processing environment using the open-source PIC code Smilei. It
will be applied to several situations relevant to high-intensity laser-plasma interaction:
tightly-focused, or spatially-chirped laser pulses, and waves featuring orbital angular
momentum.
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